Life and efficiency of incandescent lamps by Bender, Louis Blaine & Davis, William DeOzro
LIFE AND EFFICIENCY OF INCANDESC:7T LAMPS. 
L. B. BENDER. 
W. D. DAVIS. 
OUTLINE. 
I. Necessity for testing. 
II. Method of making test. 
1. Measuring instruments used. 
2. The photometer. 
The scale. 
The rotating stand. 
The Lummer-Brodhun screen. 
The standard lamp. 
III. Plotting of diagrams. 
1. Target diagrams. 
2. Candle -power diagrams. 
3. Efficiency diagrams. 
4. Breakdown test. 
IV. Relative values of lamps. 
V. Renewal of dim lamps. 
VI. Other types- of lamps. 
1. The Nernst lamp. 
2. The Cooper -Hewitt mercury arc. 
VII. Conclusion. 
The intelligent selection and proper use of incandescent 
lamps largely determine the volume and growth of the electric light- 
ing industry. Nothing produces such radical improvement in the 
lighting service as, first, the exclusive use of the best lamps and, 
second, the frequent and regular renewal of dim lamps. These prin- 
ciples are the precepts and practice of the leading central stations 
of the country, end should be law for every electric lighting 
company. 
Central stations are in the business of making and selling 
light. They may sell by the Watt hour or by contract, but, regard- 
less of the way it is measured, the customer is in reality buying 
and using light. Since the lamp transforms the electrical energy 
of the generators into light, the best lamp is an absolute necessity 
to obtain the best light. It is, then, almost a self-evident truth 
that the exclusive use of the best lamps is the only means of obtain- 
ing the best results. 
In order to investigate the relative merits and performance 
of lamps the following plan was carried out: 
From nine prominent lamp manufacturers sample lamps were ob- 
tained. From another maker a lot of six lamps was secured. The 
makers of the different lamps claimed for them 16 candle power at 
104 volts, with an efficiency of 3.5 watts per candle power. The 
lamps were all tested for initial candle power and wattage, and then 
were burned on a 104 -volt alternating current circuit for 800 hours. 
At intervals of 100 hours all the lamps were tested for candle power 
and wattage. 
The electrical measuring instruments used were as accurate as 
could be obtained and were as follows: 
Weston Voltmeter (0-150) No. 13520, 
71 IT (0-120) No. 3589, 
11 Wattmeter (0-1500) No. 2338, 
Thomson 1 (0-300) No. 59089. 
All the tests were made by means of a Queen Standard Photometer 
fitted with a Lummer-Brodhun screen and a. rotating lamp stand. The 
following is a photograph of the complete photometer: 
The scale extends the entire length of the photometer and is grad- 
uated both in centimeters and in candle power. The scale graduated 
in candle power is to be used only when the standard lamp is of 16 
candle power. 
The rotator holding the lamp to be tested was belt driven,at 
about 300 R. P. M., from a small electric motor. The lamp is sup- 
plied with current through brushes. Binding posts are provided for 
wires leading to the voltmeter and wattmeter. 
The Lummer-Brodhun photometer screen was devised by Drs. Lum- 
mer and Brodhun of the Reichsanstalt, and used in the photometric 
researches of that institution. In this instrument but one eye is 
used, thus eliminating any error due to the varying sensibility of 
the two eyes, and each of the two sources of light being compared 
illuminates its own field, these two fields being presented to the 
eye as a disc and a circle respectively, the latter surrounding the 
former and having a sharp line of separation from it. The following 
drawing shows the arrangement in diagram: 
/4 
C and X are respectively the standard and the lamp being 
measured. S is an opaque white screen of plaster of Paris, receiv- 
ing light on its two sides from C and X from which it is diffused to 
the mirrors M and N. P is composed of two right-angled prisms 
whose hypothenusal faces are spherical surfaces cut off by a plane, 
more of one being cut than of the other; when in contact, therefore, 
there is a disc of contact surrounded by a plane circle on C, which 
has not contact. Light from X normal to CD passes through both 
prisms where in contact, but suffers total internal reflection into 
0 when it strikes the outer plane circle. Light from C, on the 
other hand, passes through both into 0, where in contact, but is re- 
flected back and out,(being absorbed by blackened surfaces), where 
it strikes the outer circle. An eye at 0 sees, therefore, a disc of 
light due to C, surrounded by a circle of light due to X. The ob- 
server moves the screen until the disc and the screen appear of the 
same brightness, when the intensity of the illumination on the two 
sides of the screen is the same; the relative powers of the two 
sources are then as the square of their distances from the screen. 
The distance between lamps was, in every case, 250 centimeters. 
The standard lamp used in this test was of exactly 16 candle 
power at 104 volts. It was standardized by comparison., with a 
lamp standardized in C:ueen and Company's laboratories. The standard 
lamp was allowed to burn no longer than absolutely necessary in o 
order to preserve full candle rower. On the'following page is a 
photograph showing the standard lamp, screen for cutting off re- 
flected rays, Lummer-Brodhun screen and rotator. 
Current for the lamps was furnished by a separate direct 
current machine in the dynamo laboratory and was regulated by plac- 
ing the field rheostat in the photometer room. 
The following diagrams were plotted from the data obtained 
during the test and show clearly the results. The target or "shot- 
gun" diagrams illustrate the variation in candle power and watt 
ratings of several makes of lamps. These diagrams afford a unique 
and interesting means of illustrating the accuracy and uniformity 
of lamp rating. Vertical distances from the bottom of the diagram 
represent candle powers, and horizontal distances from the left- 
hand side, the watts. The rectangle shown is the limiting target 
for well -made lamps. As the lamps tested were all rated at 16 can- 
dle power, 3.5 watts per candle, the intersection of the horizontal 
16 candle power line and the vertical 56 watt line forms the center 
or "bull's-eye" of the target. The diagonal lines show the watts 
per candle power. The readings on each lamp in candle power and 
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watts at the marked voltage were noted and then plotted on the dia- 
gram by placing a circle at the intersection of the horizontal can- 
dle power line and the vertical watt line corresponding to the read- 
ings. Poor marksmanship in lamp manufacture is thus clearly 
brouht out. 
From the diagram of the nine assorted lamps it is seen that 
only one of the nine, No. 6, falls inside the limiting rectangle. 
Nos. 1 and 2 are extremely low in candle power, and Nos. 1, 9 and 5 
take between 4.5 and 5 watts per candle power. This shows the re- 
markable lack of uniformity in the rating of lamps. 
The diagram of the six Packard lamps is in striking contrast 
to the preceding diagram in the matter of uniformity, although all 
of the lamps fall outside of the rectangle. The variation in can- 
dle power is well within the limit, although the watt consumption 
is a trifle high, being between 3.5 and 4 watts per candle. As far 
as uniformity is concerned this is an exceptionally good lot of 
lamps. 
It must be borne in mind, however, that the preliminary test, 
or initial rating, may not show the real value of a lamp. Any manu-. 
facturer may carefully select lamps so that they will be correct and 
uniform in rating. The test is of value,- therefore only with the 
average product, and not with specially selected lamps. Correct 
and uniform rating will not insure good candle power maintenance 
any more than a correctly measured piece of cloth insures good qual- 
ity of material. At the same time this test serves to show at once 
the careless or incompetent manufacturer, when the average product 
is considered. It also records a lamp's true rating, in order that 
comparisons may be correctly made. Correct and uniform rating is 
desirable because it insures: 
1. Full and uniform brilliancy, and avoids the 
marked contrasts which a wide range in candle power gives and which 
are so detrimental to good lighting effects. 
2. Uniform power consumption and definite meter 
bills and, therefore, satisfaction to customers. 
The candle power diagrams illustrate the marked difference in 
maintenance of candle power of various makes of lamps and show the 
characteristic results given by a high-grade lamp. In candle power 
diagrams vertical distances from the bottom of the diagram represent 
candle power, and horizontal distances from the left-hand side, the 
duration of time in hours. The lamps were set up and burned, and 
readings taken every 100 hours and plotted on a diagram so as to 
form a series of points through which a curve for each lamp was 
drawn. The red lines were drawn so that the curves for each lamp 
might be more easily followed. The green line is the average for 
the lot. 
In the candle power diagram of the assorted lamps it is seen 
that lamp No. 3 burned out after 600 hours and lamp No. 2 after 700 
hours of burning. On account of the lack of uniformity shown for 
this lot by the target diagram, we would hardly expect a better can- 
dle power diagram than this. Lamp No.1 drops almost to 7 candle 
power after 600 hours of burning. The average curve crosses the 
12.8 candle power line, which represents 80% of normal at about 600 
hours. 
The candle power diagram of the six ?ackard lamps shows that 
the uniformity displayed in the initial test has been maintained 
throughout the 800 hours of burning. The average curve shows 13.4 
candle power, or nearly 84% of the normal, after 800 hours of con- 
006 008 
55 1 MMMMMM ssmswell 
211""222221FillI1112" 
12411111111114.1111 
lim"11;111111.111:. 
1111i111:122222222222 
00Z 
a ammARS: 
009 
1111111111 
ME:MS 
00_5' DOC 
1111111111:Iyagn1=2111:1111:11i11:11111 
MEER MMOM:MEMMIII 
00e 00/ 0 
mm alingliniassummaum elm mom 1:110:19:14warianlmall: innom sanammummmo 
I.. 
111 
Rim:: 
:::: -th... 
...:: 
iv Jaw 29./Av , m"ita....., :1 
MM 
.......................... .i..1011,.. al:nu" milh:J.:.:.:umull 
.::/. f) 0 0.3A121/78 :.- 4_ 
! Senn II:111 ntrans11. 
"'I me :p pa 
V. O*4Yos-s-v 3A//i/V ' ' mmillim.sm...s...milimn gm MMMMM :mom M sm..s. lera":111111 filiii!"" 
s OMEMM6AMM_ RIMMMUN's Wm I 11: 111:1:11 
ao WIN ' ci 3 70A/1/0 .:_ um 
mil 11:11ilowsw: 4"22221 
"1M Illy 11 1 EmmaMMMMMMMM oME IRMO 
Um. 
OR 
MAW 
Mono 
%imam I -- 
mama 
ma 
1111111::: 
mililiiiill: 1212111:2i "2 
1. 
lw :ow:1111111 
1 
1 BIM tosissms Nun 
se* Es MM 
ISOMES1111M.7.. 
MI. =3D'".' :::1::11::. nrillirls MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM ..... ....1r-mna:::: 1 :mr mot 
SEEEMEMM //.10,25K9V/0 
0 
4inginn ......... annamsamlan 
mmmmmmmmmmmmmm 
LAMM mmmmmmm : I 
1;10:giUSW. :WM, mar....r I no Su AMOS MMIONII 
1 ROM aMm=1111Mall MASI m I 111111 ::. COMMA MUMS. n ammonmaig-m mamma 
.1. 1 
Oman 
._ mum 
: 
11:1111 
lag Maligns Mir 
MRIMMS411662 
I 
own 
11:1112 
: 
mom nagnincziaz_g___ a illlemEmmma,TR! 
=mhos 
&Mei IIIIIIIIIIIAA Min 
.:.::-n.......... mmmm ::::::;:wrile ' smsiiii:111:iar- 
ill MMMMMMMM mums sossesssismIssmssieppss sursomsmssowssessmwsmo 
_gmammostormisassismInormiselr-- sm....ssk...4or 
11111:11 mess MIL. 
mum MMMM Nu.. Imam: nun: woe: 
linni 1:11 mmmmmm agnal:::::11::::mann allidlir:im all g 1:11war 
mum amommol OMR ,g ha MMMMM ma awammanama OMB 
:immilmm::::9145:::19,11:11i 
"1111 
: 
wmannoz 
ommaza 
i.. Luna ania WHEW M 111111111111111111111:1111:::::::ii wm" :mum. roma n,nnamme MMMMMMM mal: MM lem 1: .41:111114111111". 
Emma MMMMMMM UhalmilaOR 
OOM, 
. MRSOSSOMISMX: ROM 
Imm AMMARESM MMMMM WARMAN 
i MM MA atmiMMMUMMISIM : MMMMMMM milMMRSOUlls 
S SOMPSOMMB:1 
mmammammummom Mam 
I :11 PIE MMILMMAIII ''"'"'tiligpraigAll SMSMMAIPILOSOMUSSAMMMMRE511111116 :MUM MaNIMMEMiSSM RI ma% I Slim! an EMSMEMNIUMMWRMORERMMEMMEll IMOSRMaMMERWOMMA 
"!...e'4IMMEHEMEEM. IMIIIIMILD7.5 Z. 
V 
r.gmgammimmammempannmannimirmnom 
mommnamia:::=P4Mal aaaammawl..maialmE-- :::11:::::::::::::::ffilm. 11 .111:1111" MMMMMMM 411111:: 
swig mmasounammannmg MMMMMM 
wirlananananak 7aanown SSMOR MMMMMMM RAMS mir:-.9.11 MMMMMMMM MOMMMOSROMMOrs MMMMMMMMMMM IMMINInaMall MMMMM IIMEMMN 
ii7111:::::11111.21 Imillm" fa irlualliiiii MMM oiizjiiiI WoaMilamaliornaaaakiall MMMMMMMM aMahmaomomma MMMMM magag... ,......:::::MMIRESSR MMMMMMMMM mamas 
1111:1111111 miEmMEMMEMER 
MR SUM saaMMIMMegohneMalkalgallnarn MaMia.Zoimmommommammo=mmammammi ao..--911RMIRAhl ,Inianmaammamms.nmonmam 
ikair=m4144.;.-....nanamnin MMMMMMMMMMMMMMMMMMMMMMM m 
1,,.-mm,49MNPRIAmmaMmmAft= ..Cam 
saaxgrman 
saa 
:EmmonsMMMMMMMMMMM amsmaamammal 
Imarmamamill lair 
iiiiis 
1 0111111 MMMMM sonma0anagnalsnaskiftizzmammammennunnaiigrE1111:Mmaaa-- 
111 ........ ....- ' ". MIME IMIS man,ivw,.. gmmnanna.- a. 
:::wn 
pm MRS Iffmommal.5 SHIMIIIMMI Milm,-!..- Walz!.._00nni:40gh nnagnummag mama 1. ..... M iti . MMMMMMMM . MM um -a.asmcng 
-..moma.mgii:n.nwanmanaw..... ... ...ifimOulla1M IMIS smammmmammomm MMMMMMMMM 
---amr--..intramiimm::::a. - ,...........-i.....1.......-nessumm...................e..:: 
mgmammonsman 
ohMERMS e. 
.w... :ARMMUSOMMISSOOMMOMMIO: MMM O.74,AMAS - Maaht,othni WREIP.;111111 WM RXMOSOMMIMIIIIIIMOROMMMISMIER MMMMMMMMMMMMMMMMM Mb-olg,:11.41: .44,, wiammom MMMMMMM mulemanaee -ft, 
ramMMMMM SOSAMWMORMan ,.. :al -.0.0MENS4SASAWM - =7 Ir."8::*21 uml 21111742111114211 1,....:w.:1:221221 M 4%. 
V SSINSSMSSMS MMMMMMMMM MaRBRISM x a), 1.,nommonmag ma MELLESEMEIHISSMEEMELLa. EMS w.....t. ommagn MMMMMMM mannnman : ammalmsamonansemasamaunumwm___...... mmi.zmmasons 
' ZOMBI _ m 
M1 IIRMSSUMMINAS,SUMMMAROMM:OMMIUMWmfamosa 
... 
EIMISMIRMUSROMA.ZoRMSMSSOM, '6N041m Emmasom 
I 
% laimma 
MAR 
UMMERMEShAREMOMMOMMAaMMUM MMMMMM g M IVARSOM 011 
MEM 
nna linagalakaMIEN:grarraniiilna amegman IFITUEna. 
:MEWS 
EMILTIPS." MI M E Ranallus_ _,WZRAW.10 Winn moniummmmm 229:4:Wrl 1111 MMMM 2222222110:%;44.' 
I immang:lin pm C amp n mon mommommam MMMMM mum I 4"."9"....4 2.11::::::::a.. now. 81:::: mmommau MMMMMMM ELEMILLELEMPME KM RBA MOMS SOMSMoq--- aim MMMM Mie sauna/m 11;i7Z404womasahrit,...4 - 122"22'"1111111111aa 222222 
1"""212"2" 2"1:1111124:ww MMMMMMMMM .www.sOnmw 1 
ransaA74; M 
immommmatA :so 
i 
:lIl 114IIHIMMOSMMAIMESSMAIII:101111121:::aul unumg;:iiilii::;hoaligiIIIII7° uu"IlmammIal 
mEMmmR1111:11TR 
:: MMMMMMMM NOMMERMMANIIIM 
111114161011111:01. .. ...,,,emorr7 In. .__., m.............. ISESOMMSMAWASORMMU: KURR RIORSMMAMSMEMM: 
nammommonamingazgama 
1 
manna:WM 
man mmanalmamamwm 
a : r 
-.....1, II:::::::...... MMMMM pr, maw k 
on le 1 liwesamessmomiate""- ; 11.8 MMMMMMMMMMMMMMMMMMM 1 my 
mmussurnsim mewl 11110gawmowwwwwwilliMill.._ 1 viii 
SAM 
RES 
ZSOMMOUNUMMRS MMMMMMMMM es--, /111 Is Qtto 111 MMOINOMMOSOMM MMMMMMMMMMMM S=4 
mans MMMM IIIIIii:401471".." UMMOSCOSISSMIRMMUNAMMSMI: 111:11111111MERMEM 
MMMMMM MIR an IhntrIMM: r Mil IIIMM OMR t.to 
a.... 
:::::: IMMO u OAMMAIII"I'l 
ZOILOWA 
Al 
_camMMUMMENOMMAMKSM 
Olaall 
a!: IMO MMMMM MSMUI MMMMMM MASS I oh 40Mm .511 
ill 
REA 
1 
UMM4. 
:NJ 
1 
: 
. 
rol 
In g' Imwminm MMMMMM 1 
mop 
In 
momml 
1 
. 
ha :Shag III: 
il MEM 
1 
...: 
... MMMMMMMMMMM .. MMMMM ..............!...:... : sm ale'sSIEMMI INKS IN 1 
IILM:1. MMMMM MMEMMAMMAIICIIIM MEMMEMOMM EMEMEMMEME imili mimealla Immmis 
II 
I 
I MRS! Ern 
m IMOI:Ill 1 1 : I 
row:: 
:Maw ww . 
......... 2 2 mal. : 
.fIlk 
2212111 
1§Z10 
.mu 11:11111w=.megs migul: MOanE SEM* ...........i.a.:17,114:ORMOOMMRSU NUR MEI ::::MLE 
0 
0 
6 
0 
&J 
/ 
9/ 
8/ 
/9 
/8 
/ 
: 
:on e e. e MMMMMMMM ,..::.: . eleen...... MMMMMMMMM ....e.,.. 
... I 
111111 mmil:::iiirmillanii: 
NRO: MMMMMM EMOSION EMMEN 
IN EN OMINEMOSMONMO MMMMMMMMMM SME 
11_ nammainpOnsma 
MO MENISSIOMSO MKS SOMMER MMMMMMM ONSWORNMENI: 
III: 
IIMORIBEI imp plimmmemoommomows 
r 
i i 
1 
onommononnm PUP 
n so n an an 
mo woo nu non on 
mo 
nn 
n - i or mimeo Inn° illom n 
no Imo nnom n 
nnummano: 
inn a 
no 
...nom 
S NOR SOX MRSONNOM 
MO 
I II 
SNEERS MEMO RS M 
I III I 
ESN S MS 
KW KOMI 
N 
MMR MINIMS MMMMM 
IIIS 
REM 
EOM MX SSE EN 
no mom minonn mmmmmm nmonomrninm64,111:. 1 n ISIONMON MOS NNNNNNN MX:MIS& pounnenommoomanommomo mitAngizo..! 1 gam mum n 
U1110114111111111:141111rlin mmmmmm eg_ Ionian nom000m OMMENNE BANSISISONNIRONNOMMOUS 
PI 
:::::::::::::::::=1:1;004ERWGZa:1401 -. 
.-11 ROO NOIR , 
II SOS 
I:, 
REINIm 
- 
. 
X MO MR 
1419:::ENSRMEMSSI mpm mmmmm Eas N 
wilnunnnanna 
" it::::===:::::::::::::::::11::::::= 
anninnnallian Man: Ma nannamsgiam ninniumnnnnna 
h . ,4 N- .... WM a._ 
4..
.. 
-..14 
d''.. 11 
ram form m iir mmmmm quoisitaten...a .1.. -- ..,..riewifie --amie ffl.ril." mum 1 1 worg, -ognd.zoominmainn z..maina.,:arag-- 
1 
,.....;__ EKON NOSINESS 
IIIIIIMMISIONOMM 
ROES MMMMMMMM 111:11112MM::::rn 1 MEMO r,A41-411S_AdER mmm ois m mogroger -* .7.-..n...,,,. mom 
MONSEMONMAMMWA M''2."."1i:"mr:::::::M.2 
,...,6 ,r, 
M,.....m..71... 
11ilooftwa.,A niAlliiia,--oamirm n000mmuummormo:::::::::rnmenum. 1 1 1 -I's 11) !-. 
.., 
-...... 
'gip si 
' Ifinur MI 2111" BARREMUOKUSwm MMMMMMM UMW.. llisRM Ulf : ONON,m511010MOZOmMEMmKOZn.- MOMS 11111,11111111:Wh mmmmm ummonnuno mu mmmmmmmmmm ormomnoliilliiiitg!!!gie"L 14:14111:111"11147141111191111"1221 m WWI'S. Mi "III NIA:11:111:111BERBMmmmmmmmm KIIIMSOINNEEN SRN X ORMOSIRSQS1S.:=. :AIMEE ILSOCIINIMUSUMI i--ni ---P "MI:".1"8"...."111 
MEMO mmmmmmm KNEW 
MERMORamEM 
MIA 
:::::: MUNEMORNMORRONS:IMMEUR:111::::" 
11111KOTZNIES2.- afNEE*11.1SONS 
MOSOMUSSESISZSESOm NIBIKERNaKillftli _m m 
- OMMI1 ,minnommilm.-45eftimup.izzn. mmmmm wsnmomPpzmornoo'iliminsw.t.z.z. 
_ 
n 
.eisZPIZENZbi KI=224:101 
ROMISIO 
"1:11161,7516iNNE:21.-- _ 1:1111...." 
... i-,- B-Ininin WM% EMEMIREUMENESI: ESSEMMENRONNS 
mmmmmmmmm ONER mmmmmmm NMSMORMS 
SIIIIMERNEMMMEMMENall 
EMMEN 
----- MAXIMINNE MMMMM m NNIUSSINMRSIUMmolORMORNME :: legillIti=:111613i:: MORMINSMAKTMIEMBEMMI., ENSO MMERMBEEMM 
MEESE ENE MEESE MMMMM minommoommom MMMMM mamma. mmiimiommospnionnom ......anigErmo 
nnn W 
13 
/ 
ENE 
1E1111111 
MMOSNMEN 
KEN 411.Z. ',R11.0.1MP 
"24.1757126S ..= MERR M SWIMS SMARR SEISMS NM MOM Z,OMMEMEIN.MON '1:111116.41 MRS 
ONMENEMS MEN S EMS S 
ommommompm 
umminunnomm 
MU NN 
S11 
MEM 
M. 
:MURREE EMMOSEMOR 
RS 
porn mosmomosonnonielmowoomoomnsomoommmomumnseum ommomannonpa .IUrnownormoolonuninnormo 
mo ENIN 
R MS 
ENS 
MNROOKSIM 
M OK M 
mOMMENNOSONNOMER MMMMMM 
SEMEN 
BM 
KM ::::01ENLIMILIOSM 
II MR 
.4fteggingMall OEMS E 
g4::::::gmmommemsMMMMMM ENERSE XXS MMMMMMMMMMMMMMM 
ISINNERSBR M 
P. 
man 
n m 
Insma n inn anon . 11 
ERNMMERSO motA '711.rkirdillirmi.-.21:11r:::RUI:11....."11:1111111:1H111 JIMOMMOS: MMMMMMMMMMMMMMM nosnmolvillmilipnawnomn 
In! 111111111"" 11 mumpornooni MEM MMMMMMM 
..1,..W.1.2f,;=TINIIIMMERENNEMENMMMMMMMM 
Onm...r.maalMENIONIM.Z. MS.MMM ENNIMS:: 1 10EMESMNERNENS:NO 
111111MSKOMMEKI KKOMMISIESSINEENSONEM ::::: MMMMM elomm......-------- M . M --.z.::::$14IL 7::--::::::::::::::: 
......... ... MMMMM NES MMMMMM :EXESESSISSIN AR M NO ON ON I 
MOIRINHRIIMMINNIMISSEMENNMER MOKEERE Nam es 
makimis:. -.....-- --,-, ,...m MMMMMMM KNORWIMM 
ERE 
IMMO alMOKOOKEN M M 11: 
111111:111111111alla mnonmoonsusom nopmsamosomox a ummolli laMm 
aniaA 
1 
NIIIIAMmillila alliananam Wm 
111111:11116.1 annlmni::::1" MMMMM liiii: ral:914::::::::::Inunill 
- gnaillig Milinnamn IN 
ummananam annamalinanans IIRRISINSEINI MMMMM NIIIIrrna 
FIN SW R 1110 KEEN. IIIEJESOMMENNMER J MMMMM L..........L.........: g ingsminig 
i1 
J111m11111Innnnownl: MMMMM malliononnomom MMMMMMMMMM =MEEK 
1m mil 111111 11111"11111 Illm 11111 
EMONSEMEREEMMEMMSO 
1 ID 
MEWS 
MORS MS MUMS 
M MINK 
11111 1111111 MIS 1 IMMONIMEHMIMMI:11%111i1 MN MIIIIIIIIIII len II .111:1111.1:1111MMEEIE BMX MMMM .1 San 41221":":11":""1" MMIX""1111111"" 
a 
:11:MIER NOmEIMEM 11 
1...1.:116: 04 Ria:::".11116"1": II!!!:23111 
i mmoorpoommo es 
wire....--1...1:1111191111insuesme MM . MM gm.. 
p_ esponmpomommlInn: Ullon n 
.mol 
NERESNOMONNISISSE. 
IMENESSESSMNROM 
II 
11"::: 
1 
MENAI 111:1." "Ml.::: SNOW: 4112:1111NO:a ' '111" '1" ' ' 111. 
mums' 
:1 
psalm pnimpinniml: FROM Ali alliarnainall Mi. magalananilinn* nannnenOMMEM MM. 
1:111:11:111:::: lipialigiliillilil: is 11:11inSnlinnall"6":11111111111Malondu ..miliiiiiiiiiiii On n X ma Ms sip WM Flog :ma nal 
MI 7 
m login Mil Sala sans aim MN non nom mom MMMMMMMM nnionnamMan Innalaill 
ulmmn mannillan.p. 1111111:114 
Ennannnaliumi Man inmsnmommanom gainnalmanian pornmorniumanamaminn nO Bonn MMMMM limnannim n:: 
n mannnn 
; ; 1 ma ...: 1 MMMMMMM : 'mi. : pannnimpinna 
laill Ern naln: mon ammo mum mu m CANDLE POWER D/ASRAM EINEM NNE /0SOMBRERO 
I MILISRMS 11 
ONO 11:111MmmUMME MN Nem ORM S K 
MESSRS lin NOMINIOR SOS 111 
111; 
Sal 
M MEANNIIMIE 
1:11111IIIIIIIPIIIIIIIIIIIIIMIES :::::ORISSON: 
LIMOMMINIXIIME:mNSOMmmmOMMMONEMmmmN Six 1=3CHA / 3 0 L AMPS _-L- 
C 0 ximinagal 
M nmanm1 milelelmeme:.. MMMMM ...T. g :7110.1.____Egiummiliini7;:marri:::::/lvEreAGE. _ __ _ --MSR WOMENOMMONSENS MUM NM : ;11 M:m ; elom - I MR 
MEN In 
mellIE- .. ailliiiril esillallis ... ............ .. Sasammmmmm CI na mnnosmoimpl itogmmiggpg lilliiiiiiiiiimliiil 
.41: no pm on um mu rumnoommpomo mon snonanoomin TT, ' I 
illn111111411111 ROM RES XS OOMMSORMONOSISIONS IMO ginaillinanananno mann pli Mann MMMMMM 
U.... 1 1 rimmenitanramen 1 mencep----. 1"1"11111111111 ' 
i iiiii:. I : MMMMM 11111m. rm. 
-4 M al ." "1"4111111.14 MMMMM 0111181164 ". :III I es ermeremi. .. :... ....cm .. mon 1 1 
j 
z 1 
:nom 
pommoonoop19.11. ompoodulim. 
1111 It" I"' 
ognoo nom MMMMM p 
so no 
No sonmommioomonumnammomillummilmeis 
I. 
1111111 "zi 'I 1111r MAN 1111:::::::: 1 RESONWOMOINEOMIONSO Kai pliellaannalinin 1 e 
!' e : 
essell 11; MRS: RUS NI El ONO 
1 MMMMM RM1111 1111111.1111:11 
: 
111111111ime 
.mmull.mon.mno. :wrn 
"ll I Cu 
I 
11111 
mal I Lome ma. Ilirdnum 
0 . .... ... 
:maws: 
h.. rm. pomminnopo moommi mom ORROMEMOSSEMUM 
pomunpuning 
morn Iasi 111 
mop num ....011nmetwomen mo 
0 awn a 11: .... I .... :::::::pmaminann JIM. alaaaPP____PmaaPP. 
op RINIMMOWNSIERIMM 
oRMMEM LORSIM::: MMMMMMMMMMMMMMMMMMMMMMMMM ::::=1:-....,-.-E nIIILIMIN III 
memoir": loommomoom 
smann. laminanuaganmi 
nannimal 1 TIM a" nmasminnEnn MMMMMMMMMMMMM MUnManallir. 111:::::= 
annm 
..m...111111iiii..ana. 1 111 MMMMM nnammesamnmannil 
am n 
giIIIIIIIIIM"" MIIIIIIIMES, 6 1....411111ills ume....",===tumnr.ghttan: al me..... 01.. ......me.1... ..... 0 /00 200 300 400 500 600 700 800 900 
MMMMMMMMM KEW' 
.r MRS 
//nuomp 
tinuous use. The superiority of this lamp over the preceding lot 
is clearly shown. Where the lamps are tested in lots it is better 
to plot each individual curve, as well as the average curve. By so 
doing the variation of the lot is shown as it is not in the curve 
of averages. Rapid drop in candle power indicates extremely poor 
manufacture, and it should be remembered that many lamps now on the 
market will give as poor results as some of these. A burning test 
of ten hours at normal or slightly excess voltage will promptly re- 
veal the poorest lamps and thus enable one to quickly determine poor 
quality. 
In the efficiency diagrams the curves have watts per candle 
plotted as vertical distances from the bottom, and duration of time 
in hours as horizontal distances from the left-hand side. The effi- 
ciency diagram of the nine assorted lamps shows the general tendency 
towards the increase in watts per candle as the lamps are burned. 
With the exception of the curve of lamp No. 1, the curves rise very 
gradually, but after 600 hours the average curve shows a consumption 
of nearly 5 watts per candle. 
The efficiency diaram of the six Packard lamps shows a much 
more uniform performance, although the same tendency to rise in 
watts per candle with time is in evidence. These diagrams are the 
strongest arguments in favor of early lamp renewals. 
The breakdown test was carried out in order to observe the 
variation of candle power with voltage, and, if possible, to find 
at what voltage. the filament would be destroyed. The voltage is 
represented by the vertical distances from the bottom, and candle 
power as horizontal distances from the left-hand side. The lamp 
tested was a Peerless 110 volt lamp which gave 17.5 candle 
power at 
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normal voltage. By decreasing the voltage to 108 the candle power 
drops to 16, that is, a 1.8% drop in voltage is accompanied by an 
8.5% loss in candle power. This illustrates clearly the necessity 
for good regulation. By raising the voltage the candle power is 
increased and the consumption in watts per candle is decreased, but 
the loss in life makes this uneconomical. Although the voltage was 
raised to 146 volts the lamp did not burn out at once, but undoubted- 
ly would have done so in a short time. 
To determine the relative values of various makes of lamps 
a correct basis of comparison must be established. No_comioarison 
should le made solely on the life of a lamp, since the candle power 
may diminish rapidly. The proper basis of comparison considers both 
life and candle power, and is the average life of the lamps measured 
to a certain limit of candle power. This period is called the useful 
life of the lamp, and the best lamp is that which, under certain con- 
ditions, gives the longest period of useful life. Using the 80% 
limit for comparison we can at once determine the relative values 
of lamps. For example, the curve of lamp To. 8 crosses the 80% 
limit line at 500 hours, while the curve of lamp No. 5 reaches the 
same limit at about 800 hours. Lamp No. 8 would therefore require 
renewing 1.6 times as often as lamp No. 5, and the value of lamp No. 
5 would consequently be 1.6 times as much as the value of lamp No. 8. 
In reality the cost of attendance for the much more (request renew- 
als of lamp No. 8 would still further reduce its relative value. 
It should be borne in mind that for this method of comparison uni- 
form conditions are essential. 
A high-grade incandescent lamp has three distinguishing 
characteristics: First, the absence of all defects in the mechanical 
/6 
construction of the lamp; Second, accuracy and uniformity in candle 
power and watt rating, and Third, good maintenance of candle power 
in service and uniformity of performance in this respect. 
Physical defects, such as loose caps or bases, poor or bad 
vacuum, spotted or discolored filaments, weak joints between fila- 
ment and leading -in wires, etc., may be found in the average lamp to 
a greater extent than is generally known. These defects positively 
condemn a lamp, rendering it not only useless, but troublesome. 
A casual inspection of lamps will reveal the prominent physical de- 
fects. Loose caps or bases are detected by twisting the cap and 
bulb; bad vacuums, in many instances, by causing the filament to 
vibrate, -vibration will cease quickly in a poor vacuum. The fila- 
ments, when examined in the light, should reveal a clear, smooth, 
solid, dark gray surface. At a dull red heat they should appear per- 
fectly uniform and free from any bright or dark spots. 
Remarkably few makes of lamps are rated correctly and uniform- 
ly in candle power. The National Electric Light Association made ex- 
tensive tests on various makes of lamps in 1898 and drew the follow- 
ing conclusions: 
"From this investigation the fact stands out that the 
incandescent lamp sold for 16 candle power is, on the whole, a lamp 
which is often giving considerably less than its rated candle power, 
even when new." 
Lamps should measure well within 10% above or below rated 
wattage, and 10% above or below rated candle power. 
To secure the exclusion of low-grade lamps central stations 
must control the supply of lamps used on their circuits. Complete 
control is practicable only by the adoption of a system of free re- 
newals, the stations supplying all the lamps used. Free renewals 
involve but a slight expenditure that will be more than returned by 
the increased meter income and the increased business resulting from 
the improved lighting service. .At the present low price of lamps, 
free renewals can be profitably adopted by every central station 
selling current by the meter. 
The preceding curves clearly emphasize the importance of the 
frequent and regular renewal of old or dim lamps. 111 lamps lose 
in candle power as they burn,- some to a greater degree than others. 
This depreciation of light must be repaired, and the only effective 
way is to replace the old lamps with new ones. A consideration of 
the loss of candle power in lamps, as shown by the diagrams, shows 
plainly the necessity of adopting some system of lamp renewals that 
does not depend upon life 
of the lamps to a period when they give from 12 to 16 candle power. 
The limit of useful life on which the renewal systems of leading 
central stations are based is at present 80% of the normal, that is, 
12.8 candle power for a 16 candle power lamp. The point to be noted 
is that there should be some fixed limit at which the old lamps 
should be replaced by new ones. Lamps should not be allowed to burn 
through a dim and useless old age until burned out. The cleaning 
out of dim lamps cannot be left to the customer; it must be under the 
control of the central station. 
Of late years there have been many attempts made to increase 
the efficiency of the incandescent lamp. No doubt the greatest suc- 
cess in this line has been achieved by Dr. Walther Nernst, a German 
scientist. 
In the 7]-ernst lamp instead of a carbon filament in a vacuum, 
the light is produced by the current passing through a glower, com- 
posed of metallic oxides of the rare earths and which operates in 
the open air. The glower is not,a conductor when cold, and a heater 
is provided to give it a temperature sufficient to make it conductive 
after a certain temperature is reached. When the current flows in 
the glower, sufficient heat is generated to keep the glower conduct- 
ive and the heater is automatically cut out. A one -glower lamp 
tested on the photometer showed 85 candle power without the globe, 
and 51 candle power with a frosted globe. The wattmeter showed a 
pover consumption of 90 watts or an efficiency of 1.76 watts per 
candle. This is just half the power required by the best incandes- 
cent lamps for the same light. No tests were made on the life of 
the glower, but 800 hours is claimed by the manufacturers. The 
lamp emits a soft white light free from shadow or flicker, and bids 
fair to come into very general use. 
Within the past year the Cooper -Hewitt mercury arc has been 
placed on the market with a fair degree of success. Although not an 
incandescent lamp it is closely related and may well be discussed 
here. The lamp consists of a glass tube having a bulb on each end 
into which is led a platinum wire. The lower bulb is filled with 
mercury, .and the upper is the condensing chamber. When the current 
is turned on the arc between the two terminals will not start except 
at a very high voltage, but since this is not easily obtained, and 
also undesirable, the tube is tipped until the mercury in the lower 
bulb flows into the condensing chamber, thus completing the circuit. 
The tube may now be allowed to return to its normal position, but 
the current has so heated the mercury that a vapor of mercury fills 
the tube. This acts as a conductor for the current and gives off a 
soft light which is practically free from red rays. The light is 
very rich in aetinie rays and photographs taken by it can hardly be 
detected from those taken by sunlight. The photographs on the pre- 
ceding pages were made by this light with a 60 second exposure. 
For blue printing and portrait printing the exposure required is ex- 
tremely short. No accurate readings of candle power could be obtained 
on the photometer because of the difference in the color of the 
lights, but 300 candle power is approximately correct. The lamp con- 
sumes 365 watts at 110 volts, giving an efficiency of 1.22 watts 
per candle: 
For general illumination where it is important to get the 
cheapest possible light, and where the truera.tio of color values is 
not important, the lamp will find its greatest field of usefulness. 
It is said that the light is very restful to the eye on account of 
the absence of red rays and, therefore, will make a splendid illumina- 
tion for places where fine mechanical work, reading, writing and 
drafting is done. 
The incandescent lamp is in too general use to be replaced 
by new types of lamps in a short time. Through all the past years 
of progress the incandescent lamp has held its own and has grown in 
relative popularity. The same virtues that gave it its start in 
life have kept its fortunes in the ascendant. With all its failings 
in points of efficiency, it is now, as it was in the beginning, the 
best illuminant in point of quality and general usefulness. It the 
present time there are nearly twenty million incandescents in light- 
ing service from central stations in this country alone. The incan- 
descent lamp is then today, as it has been all through its history, 
the mainstay of modern illumination as far as interior lighting is. 
concerned. It may in due season be supplanted by something better, 
but that something will have to be equally good in color, steady, 
simple and convenient. 
